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The science objectives of the NEAR Radio Scicncc investigation arc to dctcrminc the mass of
asteroid 433 Eros to better than 0.19’0, to dctcmlinc  its bulk density to an accuracy lCVCI
commensurate with the accuracy of the volurnc dctcrminat  ion (-10/0), and to investigate its interior
hontogcncity  by comparing high order gravity fields dctcrmincd from the shape models with gravity
liclds dctcrmincd  directly from the spacccrafi  tracking data. Additional scicncc  objectives include
the determination of the asteroid’s rnomcnt of inertia nlatl ix, its rotation state, and placing upper
limits upon any outgassing  that may have occurred durin~ its 100-year Observational history. If
the decision is rnadc to allow the NEAR spacccrafi  to fly past asteroid 253 Mathildc  cnroutc  to its
rendezvous with asteroid Eros, the mass and bulk density of Mathildc will also bc dctcrrnincd.
Coherent, closed loop, X-band tracking data, in cmnbination  with the optical navigation and lidar
data will provide the ncccssar-y rncasurcrncnts.

The radio scicnec  objectives of this investigation arc more cxtcnsivc  than cmrrcsponding
investigations of large solar systcm  bodies and there arc additional challenges that must bc
ovcrcornc  to rncct these objectives. For cxarnple,  the figu rc of Eros is Iikcly to bc very irregular
and far from the nearly sphcrieal  shapes of the major planets. in addition, the rotation state of the
asteroid will not bc WCII known prior to the spacecraft’s al rival and the spacecraft orbits about the
asteroid arc often near the plane-of-sky as seen from the Earth thus limiting the power of the
Doppler data to define the gravity field of Eros. 13ccausc  of these technical challenges and
additional ones dictated by the short Icad tirnc before launch and the nmdcst  budget associated with
a Discovery class mission, the NEAR Radio Scicncc Team will work with cxpcricneed  personnel
who have already been tasked with navigating the NEAR spacccraf?  during the approach and
orbiting phases of the mission. The succcss  with which the NEAR Radio Scicncc Team can meet
its objectives will depend upon a very close cooperative effort with the JPL Navigation Tcarn.
IIobby Williams (NEAR Navigation Tcarn Chico, Ste\c  Synnott (N1 lAR Optical Navigation
l,cad), Jim Miller (NEAR Navigation Technical Lead) and Dan Schecrcs  arc cxpcricnced  NEAR
Navigation Tcain members and all will contribute substantially to the NEAR Radio Scicncc
investigations.

Bccausc  the NEAR spacecraft will often bc cmnfrncd to orbits about the asteroid that appear
nearly in the plane-of-sky as seen from Earth, the spacecraft Doppler data that arc nomlally  relied
upon to provide the gravity field of the central body will not bc as powerful as they would bc if the
spacecraft were in a different orbital orientation. Hcncc, inertial landmark data arc particularly
important for defining the subtle changes in the spacecraft’s orbit as it passes over the gravity field
of the asteroid. For the same reason, the lidar  data will bc vahrablc for gravity field analyses when
the spacecraft is in very close orbits about the asteroid. In addition, the asteroid’s rotation state
will have to bc accuratcl y nmdclcd  so the subtle diffcrcnccs  bctwccn  the predicted and observed
landmark locations in the optical data can bc used to refine the gravit y nmdcl.  Ideally, the rotation
state would bc perfectly known so that these differences would bc a direct measure of the
unmodclcd  gravity field. In practice, the Doppler tracking data, optical landmark observations,
and Iidar observations will have to bc used to simultaneously SOIVC for, not only the spacecraft’s
orbital state, but also the asteroid’s rotation state, moment of inertia matrix, and gravity field. This
will bc an iterative process as the spacccraf?  orbits evolve closer and clo.scr to the asteroid. This
process marks an abrupt departure fron~ the traditional gravity field determination of large, ncarly-
sphcrical  bodies where the rotation state of the object is accurately knmvn ahead of time and the
Doppler data arc usually not weakened by nearly plane-of-sky orbits. The modeling of the
asteroid’s rotation state, morncnts  of inertia, and gravity field arc intin~atcly  tied to onc another so
that a successful global solution will require the very CIOSC cooperative efforts of, not only the
Radio Scicncc Team, but the NEAR Teams rcprcscnting Navigation, lnlaging,  and Lidar as WC1l.


